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2. :;mber of flexible zeta1 comectors in use 
- projected 3r: a aVaiLoz:zi basis: 

_30,338,26r, 

on Xanges 18,457,780 

on other appliances 11,33o;.M4 

3. Number of flexible metal connectors replaced by reporting utilities 
due to failure: (estiznated) 

during 1971 8,119 

1970 6,580 

1969 5,811 

19-68 4,318 

4 yr. total 24,728' 

4. Number of flexible metal connectors replaced due to failure - projected on 
a National basis: * - . 

_ . - -- - - _ 
during.1971' 31,406 

* 
1970 25,453 

1969 . 22,478 . . Q 

1968 16,703 

4 yr. total 96,040 

5. Average percentage of replacements: 

. Range connectors 78% * 

. . ' other 22% 

6. Indicator that replacement was necessary: 

odor complaint 89% 

fire 4% 

'other 7% 

7, Cause for replacement: 

crack in corrugation 53% 

crack at end 12% 

bad flare 4% 

It should be pointed 
on utility company estimates. 
failures + by estimated number 
figure since several utilities 

proper adapter not used 15% 

other 17% 

out that most of the data shown is based 
The four year failure rate (Total 4 year 
of connectors) of 0.3 percent is a minimum 
indicated that commercial servicle organiza- 

tions as ~~11 as the individual user rcplacc an unknown number of connectors. 

, 
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aeters, t;ith an estimated 483,000 con- 
statistical information from a controlled 
period; shown below are the results of 

Defecti-J; - Rang5 Connectors Received 43 *= 

Number ~,f Work ~a-ys During Survey Period 30 1 

Range Connectors kf’ectfve Per Day 
1,43 

Summary of Field Failure, Reports 

A total of 31% f” leld Failure Reports on Flexible Metal Connectors 
and 288 failed connectors vere forwarded to the Laboratories by participat- 
ing utilities. Shown below in Table II is the summarization of the data 
contained in these reports. 

TABLE II * 

0 

SUMMARYOF 
FIELD FAILURE KEPORT . 

FLEXIBLE METAL, CONNECTORS 

"0 s . 
1. Reason for removal: 

a. crack in corrugation: 192 

b. crack or separation at end: 96 

c. bad flare: S . 

d,’ proper adapter not used: 21 

2. Condition under which evidence of defect was noted: 

a. gas odor: 241 
._ 

b. broke when shifting appliance: 41 

c. . utility turn on or leak check: 20 

d. fire: 16 

3. Was connector properly installed: 

d 

. a. yes : 298 

b. no: 14 

c. not answered: 2 

4. Was there evidence of physical abuse of connector: 

. 

b. no: 298 

C. not answered: 5 
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. 5. Did homeowner habitually mclve appliance with connector attached: 
. 

a. yes: 30 

b, no: 232 
. 

c. not answered: 6 - P 

6. Length of time connector was f,p-c-“~~z LIb;3 -5--Lu * QGote: Since this was not 
answered on many of the SUT-,-=I- :---p , a. -.-., , actual date code informati?on has 
been used.) 

1972 dacz 1. ,_ 2 

1371 " , = 13 

1970 " II = 8 

1959 " II =15 r 

1968 " II = 16 

1967 1965 " - - M = 14 per year avg. * , 

1964 " - 1960 I9 8 5 per yeHr avg. - 

1960 and older with no date code = '195* 

* A large number of this group are end 
fitting solder failures and separations. :.. . 

Most reports indicated that the sample was forwarded as it was 
found in the field. . 

A previous field survey conducted in 1966 and discussed at the 
December 15, 1966 Connector Subcommittee meeting, indicated that cannector 
failure from-external corrosion was at that time a major problem. Results 
of the current survey would indicate that this is still true. 

Metallurgical Examinations 

Several of the failed samples were examined by Prof. Edward 
Trela, Associate Professor of He!tallurgical Engineering at Cleveland 
State University. A report of hiis examination is attached. Prof. Trela 
also visually examined several blatches of connectors with members.clf the 
Laboratories' staff in an effort to acquaint staff with visual appearance 
of failure mode characteristics. 

In an effort to determine the major cause of failure on the 
samples received, Laboratories' staff examined each sample to classify 
failure modes. 

Table III below details the results of their examination. 
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TABLE III 

VISUAL EXAMI,hATIOK OF FAILED 
CONNECTORS FOR FAILUXE MODE 

Failure Type 
P 

Nuzzber of Failures 
a 

Stress Corrosion 
(Many showed deposits 
of external chemical cor- 
rosion) 149 

End Fitting Solder Philure o 79 

Mechanical Failure Due To Abuse . 39 

Bad Flare m 8 

Hole Due To Electrical Short * 7 

Visual Material-Fault 

. Information received from other utilities, manufacturers, and 
the LPC industry follow in general the data shown above. -*a b 

Conclusions 

It can be concluded from the statistical information received, 
the results of the consultants metallurgical examination, and the sample 
examination that: 

-r 

1. 

2. 
\- 

. 

3. 

4. 

5. 

. 

Connector field failure on a percentage basis is on the 
minimum estimated order of 0.3 percent,. but in all. proba- 
bility Dot.more than approximately 0.5 percent. 

Most failures occur on connectors used wit;? cooking ap- - 
pliances and appear to be-the result of stress corrosion 
accelerated by-external exposure to ammonia rather than 
physical abuse or repeated flexing. No geographic influ: 
ence was noted for this failure mode. 

Metallurgical examination indicates that the stresses in- 
duced by handling and installation after manufacture are 
of low magnitude compared to the yield stress of the mate- 
rial. Connectors examined showed signs of proper annealing 
during manufacture.. 

Conduct of the !Season Cracking Test after the conduct of the 
Bending Test may not be the solution to the fi_eld stress cor- 
rosion problem as this test applies to stress 1eve.k beyond 
those thought to be typical. 

, 

Solder joint failure of multiple piece connectors is also d 
problem of definite concern. 

P 

, 

I ._I _._- --- _ - - _. __-- ._-- ___--._-.-_--- -.--- 
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6. .. End'fitting solder joint failure or separation, proved a 
definite geographical failure mode. Seventy of the 79 
failures of this type were from the west coast. - 

7. Connector age was not demonstrated to be a xaajor factor in 
the stress corrosion failure problem. " 

0. Sporadic reports of holes due to electrical arcs w&P-e re- 
ceived. 

Recommendations 

Based on the above conclusions it is recommended that the stan- 
dard be revised to require that: 

1. All single wa.ll flexible metal connectors of copper based 
alloy materials be provided with a non-metallic external 
coating and shall comply with Section 4-.10 (Protectively 
Covered Connectors) of the current standard. 

2. Single wall-connectors of non-copper alloy materials shall 
also comply with the provisions of Section 4.10. 

. 
3. All flexible metal connectors be of one piece construction. 

. . . . 

It is further recommended that the Season Cracking Test as cur- 
rently specified in Section 4.5 be retained. - 

. 

failure 
Adoption of the above revisions should minimize connector field 

by providing protection against external corrosive materials 
limiting excessive flexure and torsion of the” installed connector, a;d 
reducing the probability for damage by electrical arcs. 

S. L. BLACMMiW 



Z'AIIKJRE AMLYSIS OF FLEXIBLE GAS CC%-%EC%OFS 

(American Gas Association) 

Edward Trela 
Associate Professor of Metallurgical Engineering 

Fe&~ College of Engineering - 
* The CXeveland State University 

This report has been prepared to summarize my findings concerning the 

failures of brass flexible gas connectors. 
. 

The following information and connectors were submitted for examination: 

uti11ty Connector No. Make 

.I * 1 

Material* 

- A (Midwest) 4 T 70/30 Cart ridge Brass 

A (Midwest) 3 U 70/30 Cartridge Brass 

B (Northeast) 

B (Northeast 

30 V 70/30 Ca-rt ridge Brass 

9 U 70/30 Cart ridge Brass 

B (Northeast) 6 W Admiralty Brass 

-B (Northeast) 8 V Admiralty Brass 

B (Northeast) 7 - v 70/30 Cart ridge Brass 
v 

C (West Coast) 28 X . 70/30 Admiralty- Brass 

C (West Coast) 37 x 70/30 Cartridge Brass 

C (West Caast) 99 Y SO/SO Cart ridge Brass 

C (West Coast) 31 x 70/30 Cartridge Brass 

C (West Coast) 56 z 70/30 Cartridge Brass 

All of these connectors showed evidence of cormslon cracks. 
/ 

*Material type based on chemical analysis 
performed by Cleveland State Unlversity. 
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(1) Cho72!ical analysis to 2dentify ahlcy 

part to classify t:ype of failure 

(3) X-D .ay diffraction analysis of cormdents 

(4) Evaluation of Zind:Lngs and recommendations: 

TABLE I - 

Sample 
No. 

3 

4 

6 

9 

30 . 

56 

8 - 

28 

99 

31 w 
- - 

7 

'37 

Grain Size, mm. 
,Corrosion Product 

(Ammonia) 

o.iow. 110 

0.045, 

0.045/. 050 

0.035/.040~ 

0.090/.100 

0.100/.110 _- 

0.045 

0.090 

0.110,'.120 

0.075 

0.090 - 

O.lSO 

, 
Trace 

-- - - - _ 

Trace 
". a s 

Trace 

Trace 

Trace 

Trace " 

Trace 
.I 

Trace 

None (High Sulfates) 

Trace 

None 

Trace 

X-Ray diffraction studies of the greenish cormsion product identified: 
I 

cu (NH?)4 l co3 

and 4 $0 C% * 4H20 wrth some complex sulphates. 

/' 

The microscopic cxamlnation of the fracture indicated intergranular 

failure. SectIons through various tublngs exhibited Y clean uncorxwded inside 

surface, indicating that the corrosion env~‘mnmcnt was exterior. 

--. . . .._ _ ̂-_-.~- -- - I_ .-.- _II_-_I-- . I _ .- _-_ ^ _. _ _ ___-_ --- 



chssic examples of stress cor32sion c.raokfng. T’ze shaT?,e cf the aatrix grslns 
.- 

indicate that the material was originally in the annealed tznu;r,ion. 
‘: 

. 
Briefly the evidence !io far indicates t-hat the co:.-*:c!ezt 1.9 all cases 

Is mst assuredly ammonia and the stress arises f ram what tkc f!,oxiblt tube is 

subject to during installation and use. The corroded areas z:z?Psr to be the 

result of splashing or spilling of possibly housebbld cleaners containing large . 

amounts of ammonia. 
, 

I 
. 0 

Discuss Ion: 

Stress corrosion failure which is typical of 70/30 brasses is caused 
. . . * 

by the simultaneous presence of tensile stresses and specific cormdent or 

environment - ammonia - air - ca.rbon dioxide. The stresses have to be tensile, 

compressive stress rarely incubate stress cormsion failure. The standard 
. D 

method of Mercurous Nitrate test- is an accelerated test for the purpose of 

detecting the presence of residual (internal) stresses that might bring about 

failure of the material. However, thAs test really applies to high stress 

levels and the stresses that are causing the connector -failures may be as low 

. as about -10% of the yield stress. 

The ammonia is generally considered to be the specific cotrodent 

causing stress corrosion. Water vapor must be present - oxygen and carbon 

dioxide accelerate the cracking in brass exposed to amines in moist air, 

The X-Ray diffraction results seemed to indicate the following reaction: 

4 Cu + 8 NH3 + O2 + 2H:2 = 4 Cu(NH3 ) + 40H 

. 
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2 cu + m3 + 02 + 2~~~ = 2 Cu CNH3)4 4 40H 

In oader to eliminate the failure pmblez: 

(I) AXdoy could be changed to a red bmss, naiely 80 Cu,’ 
20 zinc 

with lov limits of phosphorus, arsenic and antimony. 

(2) An electrolytic deposited tin vould act as a barrier to 

amonnia agents. 

(3) Non-metal1 IC coatings would act as a pmtectlve coating and 

reduce the "kinking" which is the principal source of stress. Phenol lacquers 
. 

have been used successfully as well ;is the nev csdss-linked poPy&thylene tubing. 
I 

Respectfully submitted, . . . * 

Edward Trela 

c 

L 
. 

0 



. 
UNITED STATES GOVERNMENT 

Memorandum 
U.S. CONSUMER PRODUCT * 

SAFETY COMMISSION 
WASHINGTON, D. C. 20207 

TO : Ron Medford, Project Manager, OPM 
William W. Walton, AED, ES & 

3 ‘DATE: ,_ utr 26 1583 
Through: 
Through: William H. King, Division Director, ESES *” 

FROM : Sidney H. Greenfeld, Technical Assistant, AED, ES F 

SUeJECT’ Status Report on Flexible Connectors 

Attached is a copy of the Status Report on Flexible Connectors as of 

Sentember 30, 1983. I recommend that Epidemiology look at the WFIRS, 

NEISS and ID1 accident information on flexible connec_tors and report 

prior to June, 1984, to provide an independent input of information 

to supplement that which AGA will provide. 

Attachment 

cc: 1;'. Walton 
J. King 
J. Fandey 
T. Cooper l/ 
ct. Switzer 
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Executive Summary 

There are over 130 million flexible metal connectors for gas 

appliances in use in the United States. These fail OR occasion, mostly 
-55 

through small leaks, somet%mes catastropkically. Because of a rash of 

failures resulting from stress corrosion (when exposed to ammonia vapors 

present occasionally in households) and end-fitting solder failures, the 

ANSI: 221.24 standard for these connectors'was modified in 1973. Stress 

corrosion tests were introduced and the use of phosphorus in the solder 

components was prohibited-. # 

Over the years since this modification, there have continued to be 

failures. However, the existfYP,g documentation 5s sparse and does not 

define the magnitude of the pro'blem. - Consequently, an aCtiVitj9 was 

started with AGA to obtain information from its member companies as a 

basis fo-r determining the natur(e and magnitude of the problem, if, 

indeed, one exists. Preliminary information from AGA indicates that 
-- 

most of the failures are in connectors made prior to 1973,* but some 

failures occur in the newer connectors. Additional information will be 
. . 

provided to the staff by AGA in April 1984, to form the basis for - 

planning any actions that might be necessary. _ Q 

* ANSI Standard 221.24, Metal Connectors for Gas Appliances, was revised 

in 1973 to correct certain deficiences established by a survey in 1972, 
_ 

-2- 



Flexible Metal Connectors for Gas Appliances 

Definition: 

Because the term "flexible connector" is not what its name implies, 

a definition is provided, as follows: A flexible metal connector for gas 

appliances is defined as ". . . an appliance connector constructed 

entirely of new, unused parts and materials, consisting of corrugated 

tubing, depending on all-metal construction for gastightness, --- having 
. 

fittings at both ends with taper pipe threads for connection to gas 

appliances and house piping." ANSI standard 221,24-1981 covers 

connectors up to a nominal length of six feet. The connectors are used 

to connect appliances with house piping without the necessity for 

perfect alignment of the pipes to be connected, but are not meant for 

continual-flexing, movement or vibrations. The ANSI Standard requires 

that the instructions provided with each conector meEtion that the 

connectors are I). . . not designed for movement after installation. . ." 

Purpose: 

Flexible metal connectors for gas-appliances have been involved in 

a number of accidents, resulting in explosions and fires. The causes 

were traced to failures of soldered or brazed end-fittings and stress 

corrosion of the brass bodies of the connectors. Prior to 1973, end . 

fittings frequently were brazed or soldered to connector bodies with 

either butted or lapped surfaces* Particularly with the butted 

surfaces, but to a lesser degree with the lapped surfaces, corrosion 

* occurred in the joint and leaks developed. In production, brass tubing 

is deformed to provide a degree of flexibility to the tubing. The 

deformed tubing is normally annealed to relieve the residual s-tresses. 

-3- 



The flexible connectors can also be overstressed during installation or 

movement of the appliance to which they are connected in service. 

Residual stresses from either of these causes can result in accelerated 

corrosion in the presence of ammonia vapors, which vapors in the Rime 

are a consequence of the use of such common household products as floor 

waxes, floor cleaners, - window cleaners and oven cleaners. Changes were 

made in the ANSI standard in 1973 'to remedy these deficiencies. This 

activity is to determine how well the revisions.served to correct the 

deficiencies and whether currently produced brass flexible connectors 

are still a significant safety lproblem. If the deficiencies have not 

been corrected, the ANSI standard will be modified further. If a 

serious problem still exists in connectors sold prior to the revi.sion in 

the standard, a strategy will be developed to inform those consumers 

with the older connectors how to use them safely. 

Discussion: 

The Commission's interest in flexible metal connectors can be 

traced back to 1974, when it requested NBS to analyze a failed flexible 

brass connector. 1_/ A chronology of the Commission's involvement with 

these connectors was included in a "'Discussion Paper on Flexible Gas. 

Connectors" - issued in June 1982, -L/ This paper discussed, among other 

things, a recall of connectors that had been involved in accidents, 

which recall was accomplished through close cooperation with The 

Department of Housing and-Urban Development, The American Gas 

Association and its member companies. These connectors failed at the 

brazed joint. The flexible connector issue was transferred from the 

Corrective Action Division to the Emerging Hazards Program in June, 

1982, following this discussion paper, to assess the situation and 

- 4 - 



recommend what action should be taken. 

The possible hazards associated with flexible metal connectors were 

assessed by the NPI team and the advisability of replacing them on a 

regular basis, such as every five years, was explored, 3-1 Discussions 

were held with members of the gas industry* It was concluded in a 

memorandum to the Files on December 29, 1982, e/ that there was 

"insufficient informa'tion or evidence of a'hazard for NPI to recommend 

that a priority project --(( be established, Thesubject was refe,rred to 

the Fire/Burn Team, which, in turn, placed it in the Gas Heating Systems 

Project. 

Under the Gas Heating Systems Project, it was decided to request 

additional information from AGA on the involvement of flexible metal 

concectors in accidents, with particular emphasis on connectors 

complying with the 1973 or later versions of the AKSI 221.24 standard,, 

In respcnse to a letter from the Executive Director to the 

President of AGA on May 17, 1983, 5/ cer-tain general information was 

provided to the Commission on August 30, 1983. 6/ Because this - 

information was insufficient to satisfy the-staff's needs, a second 

request was sent to AGA. L/ AGA will obtain the additional information 

- - through their Customer Service and Utilization Committee and report back 

to the Commission in April 1984,, . 

The staff plans to continue to work with AGA to obtain the 

additional information required to determine the magnitudes of the 
1 . 

problems with pre- and post- 19:73 flexible metal connectors and whether 

any act&on is required by the Commission. A final report with 

recommendations will be made in June, 1984. 

-50 
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,lOG OF MEETING 

DIRECTORATE FOR ENGINEERING SCIENCES 

SUBJECT: Visit to AGA Research House & Gx Connector Meetings B 

DATE OF MEETING:- April 2302!5, 1984 PLACE: Cleveland, Ohio 

LOG ENTRY SOURCE: Sidney H. Greenfeld, ES/${ 

DATE OF ENTRY: Apri'l 27, 1984 . . 

COMMISSION ATTENDEES: Sidney H. Greenfeld, ES 

NON-COMMISSION ATTENDEES: c 

Members of ANSI Subconanittee on Connectors 
for Gas Appliances and Guests 

Excepted 

Notified Mfrs 

Commenta -:- 

SUMMARY OF MEETING: 

Research House . 

In connection with the Connector Subcommittee meetings on April 24 
and 25, arrangements had been made to visit the AGA Research House on 
April 23. The Chairman and her Special ksistant, AJJen Dunn, a'lso 
visited the Research House. This House 1s a spel=ialJy constructed, 
unique facility for studying the performance of gas appliances under 
real-'life use conditions. Heat losses and air infiltration rates can be 
carefully controlled-over wide ranges and the entire facility is inten- 
sively instrumented: This Hoiuse is completely furnished to permit 
families of various sizes to live in it duling the studfes. This House 
wil7 be dedicated on May 2, 1.984. m 

tive 
wiJ1 

Connector Subcommittee Meetings 

The Connector Subcommittee members were informed that a17 substan- 
changes and modifications to standards, as well as new standards; 
require rationale statements deve7opecf by the appropriate subcom- 

mittees and approved by a two thirds vote rbf the main Committee 221. 

The following standards were discusseti and proposed revisions 
approved: 

O Metal Connectors for Gas Appliances - 221.24, 

1.7a and 3.81a - add words --- "and the connector must not 
be concealed within or run through any wall, floor or parti- 
tion". 
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1.7h, 1.8.1dt 3.8.1.h and 3.9.lh - Standard must be identi- - 
fied as ANSI 221.24 either in the instructions or 0~ the 
ring, 

5.3e - add "e. Impact tests on fittings provided with both 
internal and external threads? 

O Ffexible Connectors of other than All-Metal Construction - 
221.45. L 

AJJ the revisions to be made in .the Standard for Metal 
Connectors were voted to be made in this standard. 

The AGA staff will attempt to combine 221.24 and 221.45 for 
consideration of the Subcommittee and will include the wording 
from 221.24 to limit the stress corrosion testing to copper base 
alloys. 

O Connectors for MovabJe Gas Appliances 221.69 

2.11.2 - Deleted because it has been de'ieted in the other 
connector standards, 

2.8 - Voted to reference "2.2 Test Procedure for Leakage" 
whenever leakage measurements are required in 221.69. 

1.4.5 - Voted to require a centering, or retention skirt, 
extending 18 inch into or over the tube whenever an end 
fitting is welded or krazed onto the tube and to restrict 
the phosphorus contend of the welding or brazing to 0.05%. 

1.7.2a - Voted to require that these connectors not be in or 
go through walls,, flocrs or partitions. 

1.7.2 and 1.8.ld - Voted to require a marking to identify 
this standard on connectors or in the instructions as 
221.69. 

3.3e - Voted to include an impact test on end fittings with 
internal and external threads. 

O Connectors for PortabJe Indoor Equipment - 221.2 

Voted to make the same changes in 221.2 as made in the 
previously considered connector standards, where appropriate. 

O Connectors for Portable Outdoor Gas Fired Appliances 221.54 

Voted as in 221.2 
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O Outdoor Connectors For Manufactured (Mobile) Homes 

Voted to modify the language throughout the proposed standard 
to be consistent with the Housing and Urban Development 
Standard on Manufactured Homes, 

A large number of editorial changes were voted to be made in 
the proposed standard, primarily for clarification and for 
consistency with other standards. 

O Marking for Removable Fittings 

Because of the high probability of'distorting the unions used 
on flexible connectors when stamping additional markings on 
them by the connector manufacturer, the subcommittee voted to 
require only the fitting manufacturer's markings, and these 
only on the csntra'l part of the three-part unions. 

O Caution Against the Use of Metal Connectors with Gases Containing 
More Than 0.3 grams/lOOft3 of Hydrogen Sulfide. 

No action was taken because this is a requirement of the 
National Fuel Gas Code, NFPA 54/ANSI 2223.1. 

O Deletion of Semi-rigid Connectors from the Canadian Standard. 

This type of cornector is usually made of-metal tubing on 
the job and none- has been submitted for certification for 
many years. This type of connector will probably no 
longer be specified when 221.24 and 221.45 are combined. 

O Electric Arcing with Coated Metal Connectors 

Instances of electric arcing at coated meta connector 
connections were- observed in several instance in which the 
flare was coatec‘ along with the outer walls of the connector 
when electric appliances were accidentally grounded to heating 
systems. 
problem. 

It was decided that this is a qua'lity control 
Every manufacturer present agreed to tighten up on 

his quality control procedures and remove coatings on the 
flare ends. If this does not correct the situation, the 
subcommittee will consider developing a requirement. 

O Mandrel Diameter for Amonia Test. 

The Committee voted to keep the requirement in the standards 
as is. A coiled connector was circulated as obtained in 
comerce with a 7/8" diameter bend in it (2+" in standard). 
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This deformation, occurring after the stress corrosion test 
can prodxe residua'l stresses and make the connector suscep, - 

tible to stress corrosion. 
that they ship connectors 

The manufacturers present-stated 

straight, with no bends. 
in batches that are packaged 
Packaging concerns purchase these9 

coil them and pack connectors individuaJJy for sale. 
The manufacturers agreed to notify aJJ their packaging cus- 
tomers to avoid making bends sharper than the 2)" mandre'l 
used in the tests. 

O Brazed Connectors 

The only connectors with brazed eni fittings being made are 
imported stain'iess steel connectors. Brazed or soldered brass 
connectors have not been produced for many years. 

O Ban of Corrugated MetaJ Connectors 

Massachusetts is considerjng banning brass corrugated connec- 
tors for gas appliances. 
May 2. 

Public hearings are scheduled-for 

cc: OS 
R. tIedford, OPM 
B. Fees, CACA 
T. Cooper, ESU 
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U.S. CONSUMER PROOUCT 
1 SAFETY COMMISSION , 

WASHINGTON, 0. C. 20207 

Flexible Gas Connectors 1 x Nb Mfrs Id-kAfk& 
Excepted 

n Mfrs Notified 

Background Corn rneuta Proceeeed 

Hfa. 70 ib~3 P-P 
This follows the meeting held in your office on 5/7/84 

J?ESTRiCTION REMOVED 

Awl!-b!e for Public Release 

S ,Q&& Dsre&&& 

andyom 
-request that the writer provide a surrmary ofthe information% collected in 
CACA on the above referenced product. 

* 

C&A has continued to mmitor complaints and in-depth investigations, 
describing hazar4 accruing to the use of flexible gas connectors for the 
E;po;f id+fing any defects which may be subject to possible Section 

tile there has not been any Section 15 cases, as a result of 
this mni;orir,: largely due to the lack of infomation on the connectors as 
often they are no longer available or can not be identified, there is 
indisputable information thatthehazard, thougha subtle one,mayresult 
in fires and explosion incurring personal injury, death or property damge. 

As related in our earlier refkral of this'product by rmmrandum dated 
5/19/82 to Bmging Hazards, in Maxh, 1982 CACA was engaged in the 
ixrvestigatiar. of a report frcm Lt. Dan Couturier of the Fire Depmt for 
the city of Saginaw, Michigan, concerning 24 fire and 9 non fire incidents 
associated with faulty gas connectors for the years 1980 to 1981. Although 
there were no injuxy reports about occupants of the dwellings, there were 
unspecified injury reports involving fire fighters, a property loss of 
$78,219.92 and contents loss of $22,695.00. 
reported to vary fran 5-16 years. 

The age of the connectors were 
The failure mode was described as a 

fracture of the corrugated ends of the connectors at the soldered joints 
and there were signs of corrosion from inside out. Eight (8) of the 
unidentified incident connectors were later examined by the staff who 
observed that the failure mode was a reco 
earlier faulty connector identified as 

la -ited by an 
the All but 2 of the 33 

incident connectors were attached to gas ranges (2 - clothes dryers). It 
was estimated by Lt. Couturier that three quarters of the ruptures occurred 
at the gas line cumections. 
to dispel some of the commn 

This is a significantfindingandmay serve 
belief within the industry that failures 

generally occur when the appliance is wed by the user. 

k Dece&er, 1983, the Dallas Regional Office alerted CACA of an . 
impending.Tn-Depth Investigation (ID No. 831129HCC3054) ir~~olving a 
nor,-injury fire incident in Denver related to a faulty flexible connector. 
Dallas was requested to expand this investigation with a follow up to the 
Denver Fire Deparmt concerning other possible experiences associated 
with the use of flexible comectors. 

The knver Resident Post performed this investigation and in doing so 
accessed records in the records deparmt, investigation &par-t, and 
the fire prevention section in the Denver Fire &par-t. Records were 



. 

jncidezt 
flexLble 

data for leak&g gas or 2~s related to the use Lzd c,peratiml cf 
gas comectors: -e 

mcmEI!ii 
138 

1981 82 
1982 99 
1983 102 (l/2/83 - 12/25/83) 

Totzi 421 

Average 105 Anndly 

An sramination of the 1983 Denver Fire DeLmt field incident 
reports revealed: 

1 Death - gas explosim 
2 Severe Personal injm5es (2 evmts - 1 explcsion) 
17 Property Damage ticidents 

CPSC In-Depth Lrrvestigations cztraneously gathered include: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

m1 8oo72BEEooc2 - l Death - FTre and Explosion - Comector 
failed in the weld l Arizona 

IDI 82122CEP3037 - 2 Deaths - Fire and Explosion - Colorado 

ID1 821008BEZP3006 - 1 Eeath - Fixe and Eqlosion - Fire began 
whce comector attaches to service gasaltie - Oklahom 

Et 831129EB62007 - 13 year old severly bumed, house totily 
destroyed -I- Iowa 

JDI 830907IXL512i - Bplosim - E&erMve propeT dmqe - 
Connector broke at gas supply line - Tazas 

ID1 831209cEC304-7 - &plosim - &perty D&t&e - Believed that 
it ftiled near gas line - Ymtana 

ID1 84G402CBC3142 - Minor I3ums - khdt - Extensive prmmzy 
damage - Mbile I;~ome'- Tennessee 

. 

DI 830713CCC1257 - Explosion - kbile RXIE destroyed 7 Gas Dmer 
Comector had smll holes - Georgia 

M 

l-;as refererced in the Eoug Noble EEQ of s/18/80 z a fim 
I 

reported by 
1 of 9 firr?s 

AIE~ Sh..m&er, Public Service Co. (PEC), Co!-oizffi as . . 
~II a recent survey cm&cted by PSC considered cco be 

_ _--. - ..-- ---- -_ -^ ̂  __. -.-. _- .- -- --- - _ _ _.._- 



Fage 3 
KElm - Fla-Ale Gas Cmectors 

mmfacturii potential -. defective comectors due to a comrm 
constmctive teaturewith Cobra or having a 
at an accelerated rate) - Illimis 

Three (3) of the Eke (9) incidents suggest 
cmnector at the gas supply line 

tendency to corrode -. 
-v 

failure of&e 

10. FOU Request Kc. S201011 - Sevcze Bums to Family - House Fire - 
ldinnesota 

DiscussionandRecmmndaticm 

While we are enthusiastic that there are. specifications pertaWng to 
the construction and installation of flexible @s cmnectors contained in 
ANSI 221.24-1973, ANSI 221.24<a - 1976 and ANSI 221.24b - 1979 published by 
the AmericanGas Association, CACAfeels thatthisis not the sole remedy 
to the problem. 

The fl&He connector is an integral. p&t of the over all gas hook up 
and asse&ly to gas appliances found in hoaxzs, mbile hems and apartmnts 
(coxmectors are also used in restaurants and other gas semked 
facilities). The general pub:Lic is essentially unaware of the employmnt 
of this deviceir,theirhcm. Fkther,-+hq are unaware of the need for 
re@acmmt of the cormector whi&hy the nature of the product has the 
capaciq to fail through the aging p%ocess. The aging pkocess can be 
accelerated by mving the appliance or through corrosion resulting frm 
exposureto ammia atmspheres. 

COCA thepfore recmds that there be a consm~ awarmess program 
kich would include the participation of all gas servicing and supply 
asystems in the country. bners of all gas serviced dwellings should be 

_ info-d of the need for periodic replacement of the connectors (5 years 
suggested) as well as thz need for replacement b%en appliances are mved 
for servicing. Simtaneously, 
appliances for cleaning. 

c-s couldbewarnedagaimtmving 
For replacmmt purposes, connectors could easily 

display a rimmfacturer's logo and production date on the AU ring which 
encircles the connector. 

o 

The &mission may coordinate activities with EUD by sharing 
infomtim on mbile hme incidents to seet(cooperatim by mbile hem park 
operators for a programed plar$r replacemnt of connectors as mobile 
holIles are mved in and out of the park site. Where local codes exist for 
connectors, have the local gas sexviciq facility izspect for assurance of 
safehookup anddisconnection. 

Our data indicates that there still appears to be sm percentage of 
Cobra comectors r emining in Ohms, 
Service Bxilletkt by AGA to all 

apartmm ts and mbile has. Another 
delegate s 

helpfE1 citing somz q;irc 
of AGAm&er companiesmaybe 

the CPSC hzard data as a basis for theliz appeaL for 
cooperation ix !.ocating t&e-o-r s~tilarly constructed ccmectcrs 
which are siqly accidents wa.itTkg to happe~r (TnI #8LWlCXO670:. 

_ ___ ___” --- _- --- .- . -- 



PaEe 4 

Connectors appear co have a long shelf life, therefore, it is riot 
miikely that many of the early designed comectors such as the-are 
still available in the chain of distribution and should be-considered for - 
voluntary recall by the mmfacturer to assure themselves that oqly those 
cm&kg coumctors with the AWSP standard remin in the market~place 
(this should also include the earLILy mcmted units). . 

e 
It seems advisable that restaurants and/or other related businesses 

might also be considered for sumey by gas servicing 
if they have a proper cmmector since gas appliances 
routinely moved for cleming purposes. 

suppliers to determine 
suchas ranges are 

Finally, as recomxmded earlier we would, encourage imhstxy 
continue in their e.fforts to up grade the comectors considerkg 
materials such as stainless steel as a substitute for brass.- 

andAGAto 
alternate 

'in tie past, the Caxmission has mintained a low profile in addressing 
this product, largely&to theabsence ofhazarddata. Even thou&our 
data now appears smmhat limited the experiences as related by only 2 city 
fire dep mts in the countqseens sufficientforustoreaiize that the 
cormectors are going to C~EE to an end of life cycle, md when this occurs, 
depending on the circumstances, may result in the mst grave conquexes. 

- 
. - 

. 
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U.S. CONSUMER F’RtIOUCT SAFETY COMMISSION 

WASHINGTON, 0. C. 20207 

. 
:2 2 SEP 1983 

Mr. Stanley Blachman, Manager Advanced Technology 
American GasAssociation Laboratories 
8501 E. Pleasant Valley Road 
Cleveland, Ohio 44131 , 

Dear Stan: 

The Commission recently received a letter from Lou Sarkas summariz- 
ing the information he received in response to questions raised on Ed 
Morgan's letter of May 17, I%83 to George-Lawrence. The information 
tended to be general in nature, as we expected, and indicated that 
flexible connectors made to the revised ANSI standard were performing 
reasonably well. However, the information provided demonstrated that we 
needed to probe more deeply. 

Prior to receiving Lou's letter, he and I had discussed the nature 
of the replies coming in from the various gas companies and agreed that 

' additional information would be needed. He suggested that I work directly 
with you to develop this information and keep him informed of our 
progress. 

I have developed a series of questions which I feel might provide 
the detailed information needed to determine the magnitude of the problem. 
Let's discuss them after you have had time to look them over. - 

The first two questions relate to Lou's letter of August 26, 1983, 
and have to do with t':e basis for the answers in that letter: 

. How many-companies responded to yQur inquiry? 

. Approximately how mlany flexible connectors in use do they 
represent? 
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/ The following questions relate to the experience of individual com- 
panies: 

. How many flexible brass gas connectors do you estimate-are in 
use within your jurisdiction? 

. On what basis have you made your estimate? 

. What proportion of connector failures do you estimate your _ , 
company gets notifiied of? Do you get reports from plumbers 
who replace failed connectors.? 

. Do you have a policy of inspecting.flexible connectors, such 
as when an appliance is replaced or-when you are called in for 
service on other gas appliances or accessories? . 

i By what criteria is "the failed connector" determination made? 

. Do you automatically replace flexible connectors that have 
not failed if they are obviously deformed or damaged? 

. Do you encounter stainless steel as well as brass flexible 
connectors in residences? 

Please answer the following questions for each connector 'failure: 

(a) What is the age of the connector at failure? 

(b) What is the connector made of: brass, stainl-ess steel, coated 
brass, lined brass9 brass with soldered or brazed ends? - 

(c) What is the type of failure encountered? 

(d) What circumstances resulted in the failure? . 

(e) What are the consequences of the failure? 

(f) What is done with the failed connector? 

. Under what circumstances do you recommend coated or lined 
connectors? 

(a) How well, in your estimation, does the coating or lining I) 
perform,its function? 

(b) What type of failures do you encounter in lined connec- 
tors? i 

(c) What type of failures do you encounter in coated connec- 
tors? . 
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(d) In your opinion, does a cracked or perforated coating aggra- 
vate connector failures? Are the failures concentrated in the 
breaks in the coating? 

. 

(e) Is there evidence of adhesion failures of the coating? 

(f) What is the age of each connector you have replaced? 

(g) Have you retained the connectors that were replaced? 

. What fraction of the failed connectors you have replaced was 
manufactured to the 1973 Amended ANSI 221.24 standard? 

. Are you encountering different types of failures in the post- 
73 connectors than in the earlier bnes? If so, what are the 
differences? 

. Do you encounter many leaks in rigid connections to gas appli- 
ances? 

. Are modifications of the ANSI 221.24 standard needed to make 
flexible connectors safer? If so, what should be done and 
why? 

Sincerely, 

-Sidney Hi ‘G' reenfeld 
Directorate for Engineering Sciences 

cc: Ron Medford 
Lou Sarkas 
Larry Ingels 



Augus c 6, 1984 
, 

.- 

KS. Sidney H. Gr2enfeP.d 
U. S . Ccnsmer Product Safety 

Coxxission 
tjashington D.C, 20207 

Dear Sid: 

Attached is a report on Appliance Connector E'ield Service 
History which smmariz:es the informakion received when 
I contacted representatives of the A.G.A. Custcmer 
Service and Utilization Committee seeking responses to 
a list of questions relative to appliance connectors 
which you and other members of CPSC Staff developed. 

You will note that the last kection of this report inc It?dek 
a nu32r of s-q?estions for revisions to the as?liar,c2 

connector standard madie by respondents from utility com- 
panies. These- souggestions will be-presented to the 
SubcoAx7itt2e at their next meeting. Some of them I: am 
sure you will recognize have either previously been 
considered, have been addressed, have been rejected, or 
are in process of implementation. 

- Although I sent copies; of my April 3, 1984 letter in which 
the specific questions; were included to nexbers of the 
connector subcommittee, I have received no response other 
than from those utilities'who are also on the Customer 
Service and Utilization Committee from that mailing. 

If you have. any questions, please feel' free to contact me, 

Best regards, 

!%xxcer 

Advanced Technology 

cc: R, Xedford 
F. G. Kammaker 

Attch. 
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REPORT OF APPLIANCE CC>NNECTOR FIELD SERVICE BIST&Y' 

During April, 1984, individuals serving on the A.G.A. Customer 
Service and Utilization Commit tee as representatives of forty 
gas utility companies were requested to respond to a list of 
questions prepared by Sid Greenfeld of CPSC pertaining to 
flexible connector usage and service history. Of the 29 
companies which responded, 24 were able to provide information, 
however, as expected, very little docmented evidence exists, 
and the answers received are primarily opinions based upon 
experience. . 

The reporting utility companies represent approximately 16 _ 
million residential gas customers with an estimated 23 million 
flexible appliance connectors in use. 

The information received suggests the following general con- 
clusions: 

- Most connector failures are reported to the gas company by 
- customers who detect the odor of gas. 

- 

- Plumbers and other service agents almost never reptort leaky 
'r connecters to the gas company. . " 

- Half of the reporting utilities have a policy of inspecting 
all connectors in a residence when making an entry call. 

- The criteria for determining if a connector has failed is 
leakage or obvious physical damage. 

- The large majority of failed connectors are yncoated brass 
types I many having soJLdered-on end pieces. (Three utilities ' 
indicated that failures lof dual wall connectors also are 
encountered and four mentioned problems with coated types.) 

- The typical age of a failed connector is lo-20 years. 

- i.lost utilities either replace or advioe re,placement of a 
damaged connector, even if it is notJcaking. 

- The percentage of stainless connectors in residences is 
minimal (three companies reportedly -now use them exclusively 
for replacement, however.) 

- The predominant type of connector failure is stres.s corrosion 
cracking of the convukted tubing, followed by corrosion of 
solc2red ends. Other reported problems include the fcllowing: 



. 

mechanical failure of tubing caused by abuse such as 
kinking, twisting or stretching 

cracking of tube filare, flare nut or end fitting-, 
apparently due to overtightening 

failure to use pipe adaptor (attaching flare nut-directly 
to pipe thread) 

loose flare connections 

- Failures usually occur as appliances are being moved and the 
connector is subjected to bending;twisting or stretching. 
This has resulted in gas leaks and occasional fires. 

D 
- Failure to use proper pipe adaptoks at the connections ccn- ' 

tinues to be a problem which results in gas leaks (four of 
the reporting companies listed-this as a problem), 

- In nearly all instances, *defective connectors are scrapped es 
(One utility representing about 400,000 customers and ;=erhaps ' 
'200,000 connectors in use, 
part of 

retained 87 failed connectors as- 
a study of such failures'. 

submitted, 
According to the data 

the results of that study correlate with the 
conclusions of this survey.) 

--The performance of coated brass connectors appears to be 
substantially better than uncoated brass types. They 
apparently experience the same types of failures as plain 
brass connectors, but to a lesser extent. -. 

- Experience with lined connector designs is minimal and in- 
conclusive. 

- There is some indication that cracked coating can cause 
concentrated failures in-the area of the breaks (Six companies 
stated this is a pro:blem.) 

- There have been some problems with lack of coating adhesion, 
especially with earl.ier coated connectors. (Six companies, 
including. one of those mentioned in the preceeding para- 
graph, indicated this defect.) 

- Conncctors.certified to the 1973 or later edition of 22124 
appear to be subject to the same type of failures as earlier 
designs, but to a lesser extent. 
"fewer cracks" or "less corrosion" 

(Seven utilities reported 
in the post 1973 designs,) 

-2- 



Note: Three utilities indicated that they believe most 
recent connector failures involved those designed 
to the 1973 or later standard. The remaining.21 
companies had no records or opinions on this 
point, 

-> 

- Experience with leaks in rigid appliance piping and connections 
appears to be minimal with unions being the primary source of 
problems in this category. 

Participating utility companies suggest the following revisions 
to ANSI 221.24: 

- Prohibit brass construction (1 utility) 

- Prohibit brased or soldered construction (2 utilities) 

- Require a shut-off valve as part of the connector 
(1 utility) 

- Standardize flare connection design to prevent mis- 
match with pipe threads or with an improper adaptor 
(3 utilities) 

- Add vibration tests (1 utility) 

- Increase the severity of the strenth test for fittings 
(1 utility) 

- Develop coverage for specific connector applications, such 
as mobile homes, commercial ranges, residential ranges, 
etc., since 11many failures are a result of misapplication" 
(2 utilities) 

- Change name to "alignment connector" since the term 
"flexible" 
(1 utility) 

suggests that frequent movement is permissable 
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-' Status Report on Flexible Metal Connectors for 
Gas Appliances for FY '84 

Attached is a copy of the Status Report on FJexibJe bleta’l 

Connectors for Gas Appliances for FY '84. * 

Attachment 

cc: William Walton, ES 
Tom Cooper, ESES 
Don Switzer, ESES - 
Betty Fees, CACA 6(b) CLEARER d*--$%+fl 
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Executive Summary 

There are over 130 million flexible metal connectors for g-as 

appliances in use in the United States, These fail on occasion9 mostly 
p" 

through small leaks, sometimes catastrophically. Because of a rash of 

failures resulting from stress corrosion (when exposed to ammonia vapors 

present occasionally in holuseholds) and end-fitting solder failures, the 

ANSI 221.24 standard for these connectors was modified in 1473. Stress 

corrosion tests were introduced and the use /of phosphorus in the solder 

components was prohibited. 

Over the years since this modification, there have continued to be 

failures. However, the ex-isting documentation is sparse and does not 

define the magnitude of the problem. Consequently, AGA was requested to 

obtain information for CPSC to be used as a basis for determining the 

-- 

. 
nature and magnitude of the problem, if/indeed, one exists. 

. 

Preliminary information from AGA indicates that most of the failures are 

in connectors made prior to 1973, * but some failures occur in the newer 

connectors (correspondence attached). The failures are at the same 

type, but to a lesser extent; however, since most of the failures occur 

- in connectors 10 to 20 years old-, it is still too early to determine the 

effectiveness of the 1973 revisions to the standard. 

CPSC is also involved in a program through the Flexible Connector 

Subcommittee to test flexible connectors that are being sold in a 

tightly coiled form to determine if sufficient stress is introduced by 

the coiling process to make them susceptjble to stress corrosiion. 

* 
ANSI Standard 221.24, Metal Connectors for GasAppliances, was 

revised in 1973 to correct deficiencies established by a survey in 1972. 



Flexible Metal Connectors for Gas Appliances 

Definition: 

. Because the term "flexible connector"* is not what its name 
.- 

implies, a definition is provided, as follows: A flexible metal 

connector for gas appliances is defined as 5.. an appliance connector 
. 

constructed entirely of new, unused parts and materials, consisting o,f 

corrugated tubing, depending on all-metal construction for gastightness, e _ . 

--- having fittings at both ends with taper pipe threads for connection 

to gas appliances and house piping." ANSI standard 221.24-1981 covers' 

connectors up to a nominal length of six feet. The connectors are used * 

to connect appliances with house piping without the necessity for 

perfect alignment of the pipes to be connected, but are not meant for 

continual flexing, movement or vibrations. The ANSI Standard requires 

that the instructions provided with each connector mention that the 

connectors are "... not designed for movement after installation. . .'I 

Backqround and-Purpose: - 

Flexible metal connectors for gas appliances have been involved l'n 

a number of accidents, resulting in explosions and fires, The causes 

were traced to failures of soldered or brazed end-fittings and stress 

corrosion of the brass bodies of the connectors, Prior to 19:73, end- 

fittings frequently were brazed or soldered to connector bodies with 

* AN effort is underway to change the name to "alignment connector." 

-30 
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either butted or lapped surfaces. Particularly with the butted 

surfaces, but to a lesser degree with the lapped surfaces9 corrosion 

occurred in the joint and leaks developed. In production, brass tubing 
P 

is deformed to provide a degree of flexibility to the tubing. The 

deformed tubing is normally annealed to relieve any residual stresses, 

Flexible connectors can also be overstressed during installation or 

movement of the appliance to which they are connected in service. 

Residual stresses from either of these causes can result in accelerated . . 

corrosion in the presence of ammonia vapors, which may be present in the 

home as a result of the use of such common household products as floor 

waxes;floor cleaners, window cleaners and oven cleaners, Changes were 

made in the ANSI Standard in 1973* that were designed to remedy the 
- 

problems of stress corrosion and bra&d end-fitting failures. This 

activity is to determine how well the revisions served to correct these 

deficiencies and whether currently produced brass flexible connectors 

are still--a significant safety problem. If the deficiencies have not 

been corrected, the ANSI standard will be modified further, If a 

serious problem exists in connectors sold prior to the revision in the 

standard, a-strategy will be developed to inform those consumers with 

the older connectors of the potential hazard how to use them safely or* 

to replace them. 

*The changes included the introduction of a stress corrosiontest and 

the prohibition of the use of solder or brazing materials with 

phosphorus in them. D 



Discussion: 

The Commission's interest in flexible metal connectors can-be 
-. 

traced back to 1974, when it requested NBS to analyze a failed clexible 

brass connector. l-/ A chronology of the Comnission's involvement with 

these connectors was included in a "Diicussion Paper on Flexible Gas 

Connectors" issued in June 1982. z/ This paper discussed, among other 

. 

things, a recall of connectors that had been involved in accidents. 

This recall was accomplishejd through close cooperation with The . 

Department of Housing and Urban Development, The American Gas 

Association and its member companies, These connectors failed at the 

brazed joint. Following this discussion paper, the flexible connector s 

issue was transferred from the Corrective Action Division to the 

Emerging Hazards Program in June, 1982, to assess the situation and 

recommend what action should be taken. 

. The possible hazards associated with flexible metal connectors were 

assessed by the New Product Identification (NPI) team and the advisa- r 

ability of replacing them on a regular basis, such as every five years,' 

was explored. z/ Discussions were held with members of the gas . 

industry. It was concluded in a memorandum to the Files on December 29, . 

1982, 2/ that there was "insufficient information or evidence of a . . 

hazard for NPI to recorrPnend that a priority project --I' be established. 

The subject was referred to the Fire/Burn Team, which, in turns placed 

it in the Gas Heating Systems Project. 

Under the Gas Heating Systems Project, it was decided to request 
. 

additional-information from AGA on the involvement of flexible metal 



connectors in accidents, with particular emphasis on connectors 

complying with the 1973 or later versions of the ANSI 121.24 standard. 

In response to a letter from the Executive Director to the .F 

President of AGA on May 17, 1983, 21 certain general information was 

provided to the Commission on August 30, 1983. 6,' Because this - 

information was insufficient to satisfy the staff's needs9 a second 

request was sent to AGA. I/ 'AGA planned to obtain the additional 

informationthrough its Customer Service andJtilization Committee and 

an official request was made in April 1984. 

The information was slow coming in and a follow up request had to be 

made by AGA. On August 6, 1984, a brief status report was sent to the 

Commission. Both the request to the members of the Customer Service and 

Utilization Committee membe'rship and the status report are attached. 4,' 

- Those reporting provided little documented information, but provided 

opinions based on many years of service. 

Several of the preliminary generalizations in the report deserve 

c emphasis: 

'I- The large majority of failed connectors are uncoated brass, many 
- 

having soldered-on end pieces. 
s 

- The typical age of a failed connector is lo-20 years, 

- Half of the reporting utilities have a policy of inspecting all 

connectors in a residence when making an entry call. 

- Most utilities either replace or advise replacement of a 

damaged connector, even if it is not leaking. 

-69 



- The predominant type of connector failure is stress corrosion 

cracking of the convoluted tubing, followed by corrosion of 

soldered ends. 
.6 

- The performance of coated connectors appears to be substantially 

better than uncoated brass types. They apparently experience the 

same types of failure, but to a lesser extent. 

- There is some indication that cracked coating can cause 

concentrated failures in the areas of breaks. 

- Connectors certified to the 1973, or later, editions of 221.24 

appear to be subject to the same type of failures as earlier 

designs, but to a lesser extent. 

- Experience with leaks in rigid appliance piping'and connections 

appears to be minimal, with unions being the primary source of 

problems in this category." 

A few other types of connector failure were experienced and a few 

suggestions for remedying the recurrent problems-were made. From these o 

preliminary generalizations, it would seem that most of the failures 

still involve the pre-1973 Standard connectors, and require IQ-26 years ~ 

- to occur. Thus, the period atf jeopardy of the post 1973 connectors is 

just being entered. Since thle connectors manufactured to the revised 

AN&-Standard seem to be failing-in the same fai.lure modes as the 

earlier connectors, even though to a smaller extent, it would seem that 

additional requirements may have to be explored and developed, 

-7- 



Another report will be issued when replies have been received from more 

companies and the results can be analyzed in more detail. Information 
-. 

is also being collected by NLPGA from its member companies for the final 
.- 

report. 

During the April 1984 meeting of the Flexible Connectors 

Subcommittee, it was reported that some packagers, not manufacturers, 

were tightly coiling connectors and packaging them in individual plastic 

envelopes for sale to individuals. The inner coil involved a bend 

radius significantly smaller than that required in the ammonia stress 

corrosion test in the ANSI Standard and this might introduce permanent 

stresses greater than those induced in that test, It was agreed that 

individual manufacturers would collect specimens of their connectors 

marketed in this manner and test them. The Commission staff is also 

collecting some connectors on the open market. 

A suggested protocol wals sent to the AGAL z/ on June'18, 1984. 

This material was sent to the-manufacturers of connectors bi AGAL on 

June 28, 1984. 10/ A request to procure a number of connectors was sent 

to the Field on August 3, 1984. It is anticipated that the connectors 

will be purchased by the end1 of September and testing done during the 

first quarter of FY1985. 

The staff plans to continue to work with AGA to obtain the 

additional information required to determine the magnitude of the 

problems with pre- and post- 1973 flexible metal connectors and whether 

any action is required by the Comission. A final report with 

recommendations will be made in the second quarter of FY1985. 

..I “_ _- _I_- _- - _ ““.“__ ___c_ _.- -.^l” -. -- --1-.--1- 
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UNITED STATES GOVERNMENT U.S. 

Memorandum 
CCINSUMER PROOUCT 
SAFETY COMMISSION 

WASHINGTON, D. 6. 20207 

7-D : 

Hall, AED, Field I..,, 1984’ - 

FROM : 

. 

SuadECT : Field Data Collection Program for Flexible Gas Line Connectors m 

Background A 
I;“L/I c ,;75-~@ 

(b) CLEARED: L 
The gas heating systems project has been selected.as an FY 85 

I// Nb Mfrs Identifkd 

priority by the Commission. As part ofthis project, the household 
structures team has identified flexible gas Line connectors as a 

- Kwcepted hazard which needs lo be studied further. Preliminary injury data 
-c- 

h’;frs ?G’otified 
analysis indicated that there were 36 in-depth investigations, 6 - - . - 

~:OTUC(WI~~S Processe 
consumer complaints; 
This 

and 107 fire service reports in CPSC files. 
information and an analysis and summary of the data \/ere included 

in an October 23, 1984 memo to OPM from EPHA (Attachment A), This 
information was subsequently included in a briefing package, sent to 
the Commission on Deceimber 3, 1984, - 

Attachment B to this memo provides additional background information, 
in the form of a summary of data provided by Saginaw, Michigan. 

Discussions with the gas industry have resulted in a meeting being 
scheduled for January to consider revising the existing voluntary 

-- standard. In support of this activity, and in order to ‘better define 
the scope and nature of the problem, the household structures team 
has determined that at least 75 new cases from several widely separated - - 
geographical locations, are needed for further analysis, .- - 
Resources - 

- 

The Office of Program Management hasapproved the use of a total of 
2.5 professional staff months of field time (0.5 per regional office) 
from the gas heating systems project, for the start up and liaison 
necessary to support this project, .The MIS code for this activity is 
10497. 

Time spent conducting the investigations should be charged to the - 
separate code for investigations. FIIS-91165. 

Cases selected for on-site investigation should be charged to 
category ID - BUNN311985. . 

z 
-r Sources of Data 

. 

- _= ;----. - 

Each Regional Office should contact fire departments and qas utilities 
within its region to identify at least two communities which meet the 
following criteria: 



2 

1, Enough fires with flexible gas connectors th.at the 
- -_ 

Regional Cffice can get at least 15 cases from all of - - 
its particioating sources bet>jeen January 1, 1985 and 
Mav 31 9 l985, .? 

20 Willingness to call the Regional- Office, when flexible 
._ connector-related incidents occur. . 

Description of Data Collection Activities -- 

Regional I)ffices, using either existing relationships, new contacts 
or both, will contact fire departments and gas utilities within their 
regions. They will then select at least two communities which report 
fairly frequent incidents of gas leaks and/or fires attributed to 
flexible gas line connectors, 
the activity. 

and which are willing to narticipate in 
Particioation will consist of notifying the Regional Office 

of incidents involving flexible gas connectors as they happen, so the Regional 
f)ffice can select cases for on-site investigation. 

The Regional Office will provide EPDS a list of all fire departments 
and gas utilities contacted. This list is described in the "Summarv of 
Deliverables" section, Item #l. 

In-the process of establishing contact and discussing the activity- 
with fire departments or gas utilities, ask if they have anv comouterized 
or tabulated incidents involving flexible gas connectors (See Attachment 
B). If so, please requlest them and send them to George Rutherford, EPDS. 
If they have copies of actual incident reports, that they are willing - 

_ 

to send, request these also. Ne are not asking that the Regional Offices 
go through the records to extract cases, only that they be requested if 
the department or utility has them easily available. If there is a fee 
for providing this informatkn, check in with EPDS, there may be some 
funds available to buy data. 

Regional Offices should keep a record of all cases reported to them 
by the fire departments and gas utilities, 
(See "Summary of Deliverables" Item #2.) 

and provide this list to EPDS 

From the cases reported to them, the regional offices will. select 
cases for on-site investigations. A CODY of the latest draft of the 
guideline for flexible gas connector investigations is at Attachment C - 
to this memo. 

In order to properly analyze the variables being considered, the --z-.- 
Division of Hazard Anal,ysis (EPHA) needs to receive.a minimum of 75 _- - 
completed on-site investigations (15 per Regional Office). At least 
half of these cases should be of actual fires3 rather than incidents 
involving only a gas leak. 
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EPHA has already received extensive information from Saginaw 
Nichigan and Denver, Colorado. EPHA requests that no more than 5' - 
investigations be selected from either of these cities. -': 

-_ 

_ - 

Gthin these Umitations, cases should be selected for follow-uo 
as randomly as possible, Factors SILLS a: 1-h -- ) severity of the occurence 

- r 

or travel time involved can be considered, but please take care not 
to select cases based on things like material of the connector age 
of the connector, and similar variables. These product-relate; 

-- 
variables will be analyzed quantttativelr, and if cases are intentionally 
selected, e.g. because the connector was‘ new, it would bias the data for 
the analysis. . 

c 

!Jhenever possible, samoles of failed connectors should be obtained 
and sent to the samole custodian, attention Bernard Schwartz, Engineering 
Laboratory. 

. 

. 



Summary of Deliverable!l 
a 

7. List of all fire deoartments and gas utiljties cent&ted, including: 

a. Size of each fire department or gas utility, expressed 
in el"ther number of fires annually, for fire departments, 
or number of gas customers, for gas utilities. 

b. The source's1 estimate of how many flexible connector-related 
-- 

incidents they see annually. . -' 

c. An indication of which of the sources contacted agreed 
to participate b,y reporting cases involving flexible 
gas line connectors when they happen. 

3 L. A list of all cases reported to the Regional Office by the sources * 
including any product or incident information provided 
should indicate which of the reported cases have been This list' 

for on-site investigation, selected 

3. Anyretrosnective tabulations (e.g. See Attachment B) or hard 
copies of actual reports, which the sources are willing to 
provide. 

4. At JeaSt 75 on-site investigations, with as many samples as possible. 

--s - 

- -Z-F. 

- 

. 

- I -_ 
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(Minutes of January 29, 1985 Meeting of Subcommittee on Standards for 
Connectors for Gas Appliances) 

LIST OF SUBJECTS 

ITEM 1. 

ITEM 2. 

ITEM 3. 

ITEM 4. 

ITEM 6. 

ITEM 5. 

ITEM 7. 

ITEM 8. 

ITEM 9. 

ITEM 10. 

Date Code Marking Specification in Connector Standards 0 . 0 e . 

Consideration of Requiring Union Fittings at Both Ends 
of Movable Appliance Connectors e..a..e.*1***.,.**...e.....* 

Report on Appliance Connector Field Service History 

U. S. Consumer Product Safety Commission Status Report on 
Corrugated Connectors 

and 

Analysis of Denver Fire Department Reports Involving 
Appliance Connectors r..................t:......m d e..o.....e 

Packaging of Connectors for Retail Sale ..*...a......*....** 

GAIN Report on Connector Failures in Agricultural Spraying 
and Seaside Locations 

and . 

Further Consideration of Subcommittee Action on Propose 
Mobile Home Connector Standard . . . . . . . . . . . . . . . . . . . . . . . ..a-.. 

- 

Protection of Brass Metal Connectors When Used With Fuel 
Gases Containing More Than a Certain Amount of Hydrogen 
Sulfide . . . . . . . . . . .."........~..*....*................~.*~~. 

Clarification of Instruction Provision in Movable Appliance 
Connector Standard Regarding Capacity of Quick-Disconnect 
Devic; . . . . . . . . . . . .."..~..-........*.........................~ 

APPENDIX A 
APPENDIX B 
APPENDIX C 


